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Objectives. We sought o evaluate the effect of collateral chan- 
nels that develop late after a first anterior myocardial infarction 
on left ventricular dilation and function. 
Background. Collateral channels in an infarct-related artery 
may develop long after occlusion of the artery. Well visualized 
collateral channels that appear immediately after a myocardial 
infarction reduce infarct size and preserve left ventricular func- 
tion. However, the functional significance of collateral channels 
that develop late after myocardial infarction has not been evalu- 
ated in terms of left ventricular function. 
Methods. We studied 21 patients with a first anterior myocar- 
dial infarction and an infarct-related artery that remained totally 
occluded after reperfusion therapy and did not reopen within 1 
month of infarction. No collateral channels were observed uring 
the acute period. Patients were classified into two groups accord- 
ing to the extent of collateral formation 1month after infarction: 
group C, patients with well developed collateral channels (n = 
11), and group NC, patients with absent or poorly developed 
collateral channels (n = 10). Infarct size was determined by peak 
creatine kinase activity and thallium.201 single-photon emission 
computed tomography. Global and regional left ventricular func- 
tion and left ventricular volumes were assessed by left ventricu. 
lography. These measurements were identical in both groups 1 
month after infarction. Left ventricular function was reevaluated 
after 2.12 -+ 0.79 years (mean -+ SD). 
Results. There were no significant changes in global and 
regional left ventricular function between the two groups during 
the long.term follow-up period. However, the end-diastolic volume 
index of group NC increased from 71 + 14 to 85 -+ 19 ml/m 2, 
whereas that of group C decreased from 64 + 18 to 59 -+ 12 ml/m 2. 
This important change during the long-term follow-up period 
resulted in a significant difference (p = 0.006) in the end-diastolic 
volume index between the groups 2 years after onset (p = 0.002), 
whereas 1month after infarction the difference was not significant 
(p = 0.36). A similar pattern was observed for the end-systolic 
volume index (group C: 38 -+ 16 to 35 - 14 ml/m2; group NC: 45 -+ 
12 to 58 -+ 18 ml/m 2, p = 0.018). The power of the tests to detect 
the observed ifferences howing nonsignificant results ranged 
from 0.05 to 0.38, whereas the power of the tests indicating a 
significant difference in end-diastolic and end-systolic volume 
indexes was >0.88. 
Conclusions. Collateral channels that develop after a myocar- 
dial infarction do not reduce the infarct size or prevent left 
ventricular dilation within 1 month of infarction. In contrast, such 
collateral channels prevent subsequent ventricular dilation and 
the deterioration of left ventricular function over 2 years. How- 
ever, our results may have been biased because of the small 
number of patients. 
(J Am Coll Cardiol 1996;27:1133-9) 
Collateral channels detected angiographically during acute 
myocardial infarction can reduce infarct size and preserve left 
ventricular function after successful reperfusion (1-5). Even if 
reperfusion is not successful, such collateral channels may 
prevent formation of aneurysms (6,7). Collateral channels 
sometimes develop later. Schwartz et al. (8) reported that collat- 
eral channels were more frequently observed 2 weeks after the 
onset of infarcts than during the acute period, and several other 
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investigators have confirmed the temporal evolution of collateral 
formation (9-11). However, the functional effects of collateral 
channels that develop after the acute phase on infarct size and left 
ventricular function have not been elucidated. 
We evaluated the effects of collateral channels that devel- 
oped early after acute myocardial infarction in patients with a 
first anterior myocardial infarction in whom reperfusion ther- 
apy had been unsuccessful, focusing on the contribution of 
such collateral channels to subsequent ventricular dilation and 
function during long-term follow-up. 
Methods  
Study group. We studied 21 patients (20 men, 1 woman; 
mean [__SD] age 57 ___ 8 years, range 45 to 75) of 187 
©1996 by the American College of Cardiology 0735-1097/96/$15.00 
Published by Elsevier Science Inc. SSDI 0735-1097(95)00596-X 
1134 KODAMA ET AL. JACC Vol. 27, No. 5 
COLLATERAL CHANNELS AFTER MYOCARDIAL INFARCTION April 1996:1133-9 
Table 1. Clinical and Angiographic Characteristics of 21 Patients 
According to the Collateral Grade During the Chronic Period 
Group C Group NC 
(n = 11) (n - 10) 
Age (yr) 
Mean _+ SD 58 _+ 10 58 -+ 9 
Range 45-75 45-75 
Male/female 11/0 9/1 
Preangina 2 (18) 1 (10) 
Time to initial angiography (h) 5.0 +_ 2.7 4.9 _+ 5.3 
Prereperfusion a giograpbic findings 
1-vessel disease 7 8 
2-vessel disease 2 2 
3-vessel disease 2 0 
Collateral flow grade 
0 3 (28) 6 (60) 
1 8 (72) 4 (40) 
Acute angioplasty attempted 6 (55) 5 (50) 
Time to chronic angiography (d) 
Mean _+ SD 36 -+ 14 38 _+ 14 
Range 23-72 28 -73 
Chronic collateral grade 
0 0 (0) 2 (20) 
1 0 (0) 8 (80) 
2 11 (0) 0 (0) 
Time to follow-up angiography (too) 
Mean _+ SD 25.2 _+ 9.2 25.2 + 10.2 
Range 10.8 -38.2 10.8 -36.0 
TIMI perfusion grade of IRA at follow-up 
3 3 (27) 1 (10) 
2 3 (27) 1 (10) 
1 1 (9) 2 (20) 
0 4 (37) 6 (60) 
Unless otherwise indicated, data are number or number (%) of patients. 
Acute = acute phase; chronic = chronic period; IRA = infarct-related after; 
Preangina = typical chest pain occurring >1 week before myocardial infarction; 
TIMI - Thrombolysis n Myocardial Infarction trial. 
consecutive patients who were admitted to the coronary care 
unit of the Osaka Police Hospital within 24 h of the onset of an 
acute myocardial infarction. Patients met the following crite- 
ria: persistent ST segment elevation ->0.2 mV in two or more 
leads on a standard 12-lead electrocardiogram on admission 
and severe chest pain lasting >30 min. All patients were <75 
years old and had no previous history of myocardial infarction. 
No patient had cardiomyopathy, severe valvular disease, a 
ventricular septal defect or cardiogenic shock (systolic pressure 
<80 mm Hg). The proximal portion of the left anterior 
descending coronary artery was occluded after attempted 
reperfusion therapy and during the chronic period. No collat- 
eral vessels to the infarct-related artery were visualized at the 
initial coronary angiographic study. Coronary angiography and 
left ventriculography were performed uring the chronic pe- 
riod (-1 month after onset of infarction and i to 3 years after 
infarction) (Table 1). Thallium-201 single-photon emission 
computed tomography (SPECT) was also performed 1 month 
after onset of the infarction. No patient experienced a clinical 
event, such as recurrent ischemia, cardiac arrest, congestive 
heart failure or reinfarction, during the study period. 
All patients showed poor or absent collateral channels after 
unsuccessful reperfusion during the acute phase. They were 
divided into two groups depending on their collateral grade at 
-1 month after infarction: Patients with well developed col- 
lateral channels (grade 2) were classified as group C (n = 11), 
and patients with absent (grade 0) or poorly developed (grade 
1) collateral channels were classified as group NC (n = 10) 
(Table 1). There were no significant differences between the 
groups with respect o age, gender, hemodynamic variables on 
admission, time from onset o initial angiographic study, extent 
of coronary artery disease, collateral grade at initial coronary 
angiography, incidence of rescue coronary angioplasty at- 
tempted at reperfusion therapy, interval to repeat angiography 
after the onset of myocardial infarction, time to follow-up 
angiography or treatment at admission or during follow-up. 
Oral nitrates and calcium antagonists were routinely adminis- 
tered, followed by intravenous infusion of nitroglycerin. Nei- 
ther beta-blockers nor angiotensin-converting e zyme inhibi- 
tors were administered during the study period. Anticoagulant 
and antiplatelet therapy with heparin or aspirin was not 
administered. All patients gave written informed consent for 
participation i  the protocol, which was approved by the Ethics 
Committee of Osaka Police Hospital. 
Catheterization protocol for reperfusion therapy. The ap- 
proach to reperfusion therapy used in our hospital has been 
described previously (12). After a bolus infusion of 5,000 U of 
heparin, coronary angiography was performed by the percuta- 
neous femoral approach. After baseline hemodynamic mea- 
surements were obtained, left and right coronary arteriograms 
were recorded to identify the infarct-related coronary artery 
and to evaluate the extent of the collateral circulation. If a 
complete occlusion of the proximal portion of the left anterior 
descending artery was confirmed after the intracoronary ad- 
ministration of 0.1 mg of nitroglycerin, then 960,000 U of 
urokinase over 45 min or 0.75 mg/kg body weight of recombi- 
nant tissue-type plasminogen activator was administered by 
intracoronary or intravenous means. Rescue angioplasty was 
attempted in 11 patients. However, we were unable to obtain 
successful grade 2 thrombolysis according to the Thrombolysis 
in Myocardial Infarction trial (TIMI) criteria (3) in these 21 
patients. Thus, none of the 21 patients achieved successful 
anterograde flow during the early phase. Angiographic reex- 
amination was performed during the late period (37 _+ 14 days) 
and during the follow-up period (25.4 + 9.4 months). 
Analysis of coronary angiograms. Coronary angiograms 
were obtained after infusion of nitroglycerin during the early, 
late and follow-up periods. The grade of coronary artery 
stenosis, the degree of perfusion of the infarct-related artery 
and the collateral grade were assessed by two independent 
observers. The degree of stenosis was scored according to the 
American Heart Association's guidelines (13). Vessels with 
>75% stenosis were classified as having significant stenosis. 
The degree of perfusion of the infarct-related artery was 
determined according to the TIMI criteria, and total occlusion 
was defined as a TIMI flow grade of 0 or 1. The coronary 
collateral circulation was graded on a three-point scale accord- 
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Table 2. Hemodynamic Data in Patients With and Without Collateral Channels 
Chronic Period Follow-Up 
SBP LVEDP HR CI SBP LVEDP HR CI 
Group C 103 - 13 8 ± 4 79 ± 13 3.1 _+ 0.2 121 ± 24 9 +_ 3 76 -- 11 3.2 ± 0.2 
Group NC 107 +- 16 10 _+ 7 78 ± ll 3.2 _+ 0.1 102 ± 45 7 ± 2 76 _+ 11 3.2 + 0.2 
CI = cardiac index (liters/min per m2); HR : heart rate (beats/rain); LVEDP = left ventricular end-diastolic pressure (ram Hg); SBP = sytolic blood pressure 
(mm Hg). 
ing to the method of Saito et al. (14): grade 0 = no visible 
collaterals, that is, no angiographic filling of the infarct vessel 
distal to the occlusion; grade 1 = poorly developed, that is, 
faint opacification of the distal vessel or visualization of only 
small fragments of the distal vessel; and grade 2 = well 
developed, that is, partial or complete filling of the major trunk 
of the infarct vessel through the collateral vessels. Coronary 
angiograms were assessed in a blinded manner by two observ- 
ers who reached a consensus in most cases. When there was 
disagreement, the difference was adjudicated by a third inde- 
pendent observer. 
Estimation of infarct size by thallium-201 SPECT. 
Thallium-201 scintigraphy was performed 40 _+ 15 days after 
the onset of infarction by a previously described method (12). 
Thirty-two sequential SPECT images over 180 °were obtained 
3 h after intravenous administration f 111 MBq of thallium- 
201. The image of the left ventricle was sliced at equidistant 
intervals perpendicular to its long axis. The distribution of 
myocardial radioactivity for each slice was determined by the 
circumferential profile technique, whereby each individual 
short-axis lice is normalized by the maximal count activity 
within the slice. The circumferential curve at each slice in the 
patients was compared with the corresponding slice in 60 
normal subjects. The mean defect severity of each slice was 
determined by the area under the circumferential curve <2 SD 
below that of normal subjects. The defect volume was defined 
as the sum of the mean defect severity of each slice and was 
used to represent the area of damaged myocardiurn within the 
entire left ventricle. 
Analysis of left ventricular function. Left ventriculography 
was performed in the 30 ° right anterior oblique position using 
a power injection at both the late and follow-up examinations. 
The endocardial contour of the left ventricle at end-diastole 
and end-systole was traced by an observer who was unaware of 
the clinical and coronary angiographic data of the patient. The 
left ventricular volume was measured using the area-length 
method (15), and the ejection fraction (16) was calculated. The 
regional wall motion and the percent length of abnormal 
contractile segments were calculated using the centerline 
method, as described previously (17). The centerline, obtained 
by the computer, was defined as the point midway between the 
end-diastolic and end-systolic endocardial contours. Motion 
was measured along 100 chords from the intersection of the 
aortic contour and the anterobasal left ventricular wall to the 
junction of the left ventricular contour and the posterior aortic 
route constructed perpendicularly to the centerline. Wall 
motion was plotted in units of standard eviation from normal 
data based on ventriculograms obtained in 100 normal sub- 
jects. The severity of the wall motion abnormality in the central 
infarct region was calculated by averaging the motion of chords 
within the most hypokinetic half of the infarct-related territory 
(chords 10 to 66) and is expressed as SD/chord. The degree of 
hypokinesia was calculated as the set of contiguous chords in 
which motion was depressed by >2 SD below the normal mean 
and is expressed as the percentage of the endocardial contour 
length. 
Measurement of peak creatine kinase activity. The peak 
serum creatine kinase (CK) activity was determined in blood 
samples drawn every 3 h for the first 24 h after the onset of the 
infarction and every 6 h over the next 24 h. Serum CK activity 
was determined spectrophotometrically by the method of 
Rosalki (18). 
Statistical analysis. Data are expressed as mean value _+ 
SD. Intergroup differences were analyzed by Fisher exact est. 
Differences between groups and between the late period and 
the follow-up period were analyzed by two-way repeated 
measures analysis of variance combined with the Scheff6 test. 
Results were considered significant at p < 0.05. 
Results  
Patient characteristics. Follow-up angiography showed 
TIMI flow grade 2 or 3 in six patients in group C and in two 
patients in group NC (Table 1). The other eight patients in 
group NC who had TIMI flow grade 0 or 1 of the infarct- 
related artery had well-developed collateral channels. Thus, all 
patients had residual flow during the follow-up period in the 
infarct region through either anterograde flow or collateral 
channels. 
There were no significant differences in hemodynamic 
variables between groups during the chronic period or at the 
follow-up examination (Table 2). 
Infarct size. There was no significant difference in the peak 
CK activity between the groups (3,694 _+ 1,798 U/liter in group 
C vs. 3,794 _+ 1,050 U/liter in group NC; p = 0.14). The defect 
volume was slightly smaller in group C (1,584 _+ 628 U) than in 
group NC (1,761 ___ 634 U), but the difference was not 
significant (p = 0.53). These results indicate that the initial 
infarct size and the infarct scar size were almost identical in 
both groups. 
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Global and regional left ventricular function. During the 
chronic period, the global ejection fraction was slightly better 
in group C (42 _+ 12%) than in group NC (36 + 8%), but the 
difference was not significant (p = 0.21). There was no 
significant change in the ejection fraction from the late period 
to the follow-up period (p = 0.27). However, the ejection 
fraction at follow-up was significantly ower in group NC (32 + 
8%) than in group C (42 _+ 12%, p = 0.04). 
During the chronic period, the SD/chord was similar in 
group C (-3.87 + 0.88) and group NC (-9.91 _+ 0.52; p = 
0.75). There was no significant change in wall motion abnor- 
mality from the chronic period to the follow-up period (p = 
0.55). Therefore, wall motion abnormality at follow-up was 
also similar in group C (-3.97 _+ 0.59) and group NC (-4.22 _+ 
0.37; p = 0.14). During the chronic period, hypokinesis was 
slightly lower in group C (50 -+ 10%) than in group NC (53 + 
9%; p = 0.48). At follow-up, hypokinesia had decreased to 
46 + 16% in group C and increased to 54 _+ 8% in group NC, 
but the changes from the chronic period to the follow-up 
period were not significant (p = 0.24). 
Left ventricular volumes. The end-diastolic volume index 
was smaller in group C than in group NC, but the difference 
was not significant (p = 0.36) (Fig. 1). From the chronic period 
to the follow-up period, the end-diastolic volume index in 
group C decreased slightly, whereas the end-diastolic volume 
index in group NC increased. The changes in the end-diastolic 
volume index during the study period were significantly differ- 
ent between the groups (p = 0.006), resulting in a significant 
difference compared with follow-up value in group C (p = 
0.002) (Fig. 1). A similar pattern was observed for the end- 
systolic volume index. There was no significant difference in 
the end-systolic volume index during the late period between 
the groups (p = 0.26). The end-systolic volume index in group 
C decreased slightly, whereas the end-systolic volume index in 
group NC increased substantially. Thus, the changes in the 
end-systolic volume index during the study period were signif- 
icantly different between the two groups (p = 0.013), and there 
was a significant difference between the two groups in the 
end-systolic volume index during the follow-up period (p = 
0.003) (Fig. 1). 
Variables determining left ventricular dilation. Multivar- 
iate analysis was performed to demonstrate the factors deter- 
mining the changes in the end-diastolic volume index. The 
end-systolic volume index and the collateral grade during the 
chronic period were observed to be the significant variables, 
which included gender, age, body surface area, duration from 
the chronic to the follow-up period, defect volume, ejection 
fraction, left ventricular end-diastolic and end-systolic volume 
indexes during the chronic period, collateral grade at initial 
angiography and TIMI flow grade of the infarct-related artery 
during the follow-up period. By similar analysis, the end- 
diastolic volume index and the collateral grade during the 
chronic period were found to affect the changes in the end- 
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Figure 1. Effect of collateral vessels that developed after a myocardial 
infarction on left ventricular volume. Upper panel, End-systolic vol- 
ume index. Lower panel, End-diastolic volume index. Solid circles = 
individual data; open circles = mean values; Error bar = SD. *p < 
0.05 versus group NC during the late period, tp < 0.05 versus group C 
at follow-up. 
Discuss ion  
Our results showed that collateral channels that developed 
within 1 month of the onset of a myocardial infarction pre- 
vented subsequent left ventricular dilation at the 2-year 
follow-up examination, although they did not reduce the size of 
the infarction or prevent ventricular dilation assessed 1 month 
after the onset of the infarct. 
Effect of collateral development on infarct size and left 
ventricular function. Several studies (4,12,19) have suggested 
that the presence of a preexisting, well developed collateral 
circulation at the onset of an acute myocardial infarction may 
have beneficial effects in terms of a reduction in infarct size 
and preservation of left ventricular function in patients with 
successful thrombolysis. These benefits have been observed 
even in patients in whom thrombolysis was not successful (6,7). 
In the present study, to exclude the effects of any preexisting 
collateral circulation and late spontaneous reperfusion, we 
carefully selected patients who had no or poor collateral 
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circulation at the time of the initial angiogram and persistent 
occlusion of the infarct-related artery at 1 month. 
The development of collateral circulation after the onset of 
an infarction has been demonstrated in previous studies 
(7,8,10). Although Hirai et al. (7) have shown that collateral 
channels that developed after a myocardial infarction pre- 
vented aneurysm formation, the effect of collateral channels on 
infarct size and left ventricular function has not been exten- 
sively evaluated. The present study indicated that collateral 
vessels that developed within 1 month of myocardial infarction 
reduce neither the acute infarct size determined by peak serum 
CK activity nor infarct scar size measured by thallium-201 
SPECT. Furthermore, such collateral vessels had no effect on 
preservation ofglobal and regional eft ventricular function 1 
month after the onset of the infarct. 
The end-diastolic volume index and end-systolic volume 
index in the group of patients with collateral channels were 
slightly smaller than in the group without collateral vessels 1 
month after the onset of the infarct, but the differences were 
not significant. We previously observed left ventricular dilation 
within 1 month of the onset of an infarct in patients without 
reperfusion of the infarct-related artery (12). Thus, collateral 
channels that develop after a myocardial infarction appeared 
to have no effect on the prevention of left ventricular dilation 
1 month after myocardial infarction. In contrast, our results 
suggest that the development of collateral circulation after the 
onset of a myocardial infarction prevents ubsequent ventric- 
ular dilation until the follow-up examination (-2 years after 
the onset of infarction). 
Subsequent dilation of the left ventricle has been observed 
in previous tudies (20-22), but the protective ffect of collat- 
eral vessels that develop after a myocardial infarction against 
subsequent dilation has not been evaluated. Gaudron et al. 
(22) observed postmyocardial infarction dilation in 20% of 
their patients within 1 year of their first myocardial infarction. 
They have suggested that several factors, including the TIMI 
flow grade of the infarct-related artery 4 weeks after the onset 
of the myocardial infarction, are early predictors of progressive 
dilation, but they did not discuss the effect of collateral vessels 
that developed after the myocardial infarction on subsequent 
dilation of the left ventricle. The present study shows that 
collateral vessels that develop after myocardial infarction are 
an important predictor of subsequent ventricular dilation 
during the follow-up period. 
The restoration of anterograde flow in the infarct-related 
artery may have a beneficial effect on the prevention of left 
ventricular dilation. In the present study, multivariate analysis 
identified the end-systolic volume index and the collateral 
grade in the late period as significant predictors of changes in 
the end-diastolic volume index. The end-diastolic volume index 
and the collateral grade in the late period were found to have 
a significant influence on changes in the end-systolic volume 
index. These results suggest hat the collateral flow grade 
during the late period is primarily responsible for the preven- 
tion of left ventricular dilation. In our study, the basic param- 
eters between the groups were not statistically significant, and 
Table 3. Power of Statistical Tests Between Groups C 
and NC 
p Value Power 
Hemodynamic data 
Chronic 
SBP >0.50 0.11 
LVEDP >0.40 0.21 
HR >0.50 0.08 
CI >0.20 0.30 
Follow-up 
SBP >0.20 0.20 
LVEDP >0.05 0.38 
HR >0.50 0.05 
CI >0.50 0.05 
Infarct size 
Peak CK >0.10 0.08 
Defect volume >0.50 0.11 
Ventricular function 
Chronic 
Global EF >0.20 0.25 
SD/chord >0.50 0.08 
Hypokinesia >0.40 0.11 
Follow-up 
Global EF <0.05 0.55 
SD/chord >0.10 0.20 
Hypokinesia >0.20 0.25 
Left ventricular volume 
Chronic 
EDVI >0.30 0.15 
ESVI >0.20 0.20 
Follow-up 
EDVI <0.01 0.90 
ESVI <0.05 0.88 
Chronic = chronic period; CI - cardiac index; CK = creatine kinase; 
EDVI = end-diastolic volume index; EF = ejection fraction; other abbreviations 
as in Table 1. 
the power of these analyses was low (Table 3). However, the 
major conclusions were based on the positive statistical results 
with high power (Table 3). Nevertheless, the number of 
patients in our study was small, so our samples may not 
represent the characteristics of the population. Furthermore, if 
the number of patients in each group was more than 50, some 
background variables uch as cardiac index during the chronic 
phase would show significant differences between groups C and 
NC, although the results in the changes in left ventricular 
volume would become more significant. It should be noted that 
our conclusions may have been biased because the number of 
the patients was small and the patients were highly selected. 
Angiotensin-converting enzyme inhibitors affect left ven- 
tricular dilation, but none of the patients in the present study 
were receiving this inhibitor. Angiotensin-converting enzyme 
inhibitors are beneficial in asymptomatic patients with poor 
left ventricular function (23), but their use in such patients was 
not widely accepted at the time of the present study. 
Mechanisms for prevention of left ventricular dilation. 
There are several possible mechanisms by which collateral 
channels that develop after a myocardial infarction may pre- 
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vent subsequent left ventricular dilation. Although it has been 
shown that such collateral channels have no effect on the 
reduction in infarct size (6,7), these channels may salvage a 
small amount of myocardium during its development. Myo- 
cytes salvaged by these collateral vessels may not have been 
detected by the two indexes used in this study. The amount of 
myocardium salvaged by collateral channels may not be suffi- 
cient to preserve left ventricular function; however, it may be 
sufficient o prevent subsequent ventricular dilation. 
Another possible mechanism involves the promotion of 
healing by collateral vessels. The acceleration of healing 
induced by collateral channels that develop after a myocardial 
infarction may prevent left ventricular dilation, as studies of 
late reperfusion in pigs (24) and rats (25) have suggested. 
Necrotic myocardium is absorbed and replaced by fibroblastic 
tissues. Collateral channels that develop after a myocardial 
infarction may accelerate this process and prevent left ventric- 
ular dilation as late reperfusion did (26), but the effect may be 
less pronounced because of the delay in supplying blood to the 
infarct region. 
The extent of myocardial ischemia is one of the most 
important factors for collateral development (27). Islands of 
residual subepicardial myocytes in the infarct region that are 
viable but ischemic and that are salvaged by functional residual 
flow (28) may stimulate the development of the collateral 
circulation. Nitroglycerin, which was administered to all of the 
patients in the present study, may accelerate collateral devel- 
opment (29). Heparin also promotes collateral development 
(30), but none of the patients in the present study received it. 
The precise mechanisms of the prevention of left ventricu- 
lar dilation after myocardial infarction were not elucidated in 
the present study. The timing of collateral development might 
be important for functional preservation. However, we did not 
evaluate the development of collateral vessels equentially in
our patients because of the lack of techniques to do so, except 
for coronary angiography, and therefore we were unable to 
clarify the precise time course of collateral development. 
Further studies are needed to carefully document the timing of 
collateral development. 
Collateral channels and prognosis. There have been con- 
flicting results regarding the benefits of collateral vessels in 
terms of morbidity and mortality after a myocardial infarction 
in previous tudies. Some studies have suggested that collateral 
filling of the infarct-related artery improves urvival in patients 
after a myocardial infarction (31), whereas others have not 
found any improvement in survival (32,33). These discrepan- 
cies may be related to differences in the interval between the 
onset of the myocardial infarction and the performance of 
coronary angiography. The incidence of coronary collateral 
visualization has been reported to vary greatly depending on 
how soon after the onset of the infarct cardiac atheterization 
is performed (10). In the present study, we excluded patients 
who developed well visualized coronary collateral channels 
during the early infarction period and we evaluated the degree 
of collateral development -1  month after the onset of the 
infarct. There have been no previous reports about the influ- 
ence on prognosis of collateral channels that develop within 
the first month of the onset of a myocardial infarction. White 
et al. (34) have shown that left ventricular volume is an 
important predictor of mortality following a myocardial infarc- 
tion. We were unable to assess the effect of collateral devel- 
opment on morbidity and mortality because of the limited 
number of study patients. Our results suggest that late devel- 
opment of collateral channels may have a long-term protective 
effect against ventricular dilation, thus improving the prognosis 
of patients with an occluded infarct-related vessel. The worse 
clinical outcome in patients with an occluded infarct artery, 
shown by Lamas et al. (35), did not conflict with our results 
because the occluded artery was defined in their study as poor 
anterograde flow without collateral vessels. A careful follow-up 
study with a larger number of patients is needed to determine 
whether the protective ffect of collateral channels that de- 
velop after myocardial infarction is enhanced by treatment 
with angiotensin-converting e zyme inhibitors. 
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